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ABSTRACT 
A low-cost activated carbon adsorbent was prepared from desert date seed shell (DDSS) and utilized for the 
removal of hazardous malachite green (MG) from aqueous solution using batch mode technique. Different 
isotherm models were applied to acquire the theoretical data of MG adsorption onto the adsobent at variable 
initial concentration of 100-1000 mg dm-3. Based on the coefficient of determination (R2), isotherm models 
exhibit the following sequence: Freundlich > Langmuir > Redlich-Peterson > Temkin > Jovanovic > Harkin-
Jura > Elovich > Dubinin-Radushkevic. The maximum monolayer capacity of the adsorbent was found to be 
312.5 mg g-1 at 303 K. The mean free energy value (0.91 kJ mol-1) obtained from D-R isotherm suggests that the 
adsorption process follows physisorption mechanism. Desorption studies for reusability revealed that acetic acid 
offered the best recovery (52.09%) and the process follow pseudo-second-order kinetics. The conducted 
reusability test revealed the decline of the adsorbent performance from 96.5% MG removal down to 70.5% MG 
removal after 5 successive adsorption/desorption cycles. 
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INTRODUCTION  
Dye pollutants present in aqueous systems 
pose serious threat to the environment recipient. In 
particular, basic dyes such as malachite green are 
very difficult to remove due to the presence of 
aromatic and various functional groups which 
confer stability to the dye molecules (Mao et al., 
2008). Intensely colored effluents from textile, 
leather, cosmetics, paper and allied industries enter 
precious water resources deteriorating their quality 
and consequently intensifying toxicity (Sharma et 
al., 2017). Hence, the removal of these toxic 
substances has a significant role in curtailing water 
pollution. 
The hazardous effects of malachite green 
(MG) have been reported by numerous studies. It is 
extremely hazardous to mammalian cells and has 
been identified as a liver tumour promoter 
(Azaman et al., 2018). MG causes toxicity to 
respiratory system and damages fertility systems in 
humans; and is a well-known carcinogenic, 
mutagenic, and teratogenic substance. Moreover, 
MG’s resistivity to light and reduction due to 
oxidizing agents are very high. It inflicts lesions on 
the lungs, skin, eyes, and bones. MG also causes 
damage to the liver, brain, spleen, kidney and heart 
(Raval et al., 2017). Therefore, the removal of MG 
from effluent before been disposed into the 
waterways is a management serious concern 
(Tongpoothorn et al., 2019). 
Both incineration and land disposal 
represent likely alternatives for final discard of 
spent adsorbent material. However, these methods 
directly or indirectly pollute the environment. 
Thus, exploring the regeneration and re-use of 
exhausted adsorbents is imperative to make the 
adsorption process environmentally friendly and 
cost-effective. A number of regeneration methods 
such as chemical, thermal, steam, ultrasound, 
ozone, oxidative, vacuum, microwave and 
bioregeneration have been employed to retain the 
adsorption capacity of spent adsorbents (Momina et 
al., 2018). 
Desert date seed shells (DDSS) are 
lignocellulosic waste that encounter disposal 
problem, but are potentially suitable for conversion 
into low-cost adsorbent. Reported scientific use of 
this waste are very scanty. The present research 
was aimed at investigating the effectiveness of 
activated carbon derived from DDSS as an 
adsorbent for removal of MG from wastewater. 
The objectives of the present work, distributed into 
four parts, were (1) to prepare activated carbon 
from desert date seed shell via chemical activation 
with NaOH; (2) to study the equilibrium isotherms 
of the adsorption process; (3) to carryout 
desorption studies using different desorbing agents; 




The adsorption isotherm models are 
commonly used to design and gain insights about 
the mechanism of interaction between adsorbent 
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and adsorbate at equilibrium (Hameed et al., 2008). 
The models can also provide more information 
about the capacity of the adsorbent (Labied et al., 
2018). In this study, the two-parameter (Langmuir, 
Freundlich, Harkin-Jura, Temkin, Dubinin-
Radushkevic, Jovanovich, Elovich) and three 
parameter (Redlich-Peterson) isotherm models 
along with their parameters, which describe the 
surface interaction and affinity of adsorbent, were 




The Langmuir model is valid for 
monolayer adsorption onto a surface with finite 
number of identical sites. The Langmuir isotherm 
has been commonly used to discuss various 
adsorbate-adsorbent combinations for both liquid 
and gas phase adsorptions (Langmuir, 1916). The 
linear form of this isotherm can be mathematically 





 =  
1
qmax.KLCe
 +  
1
qmax
        (1) 
 
The essential characteristics of Langmuir isotherm 
can be expressed by dimensionless parameter 
known as separation factor, RL, which is defined by 
Eq. 2 (Mckay et al., 1984):  
 
𝑅𝐿  =  
1
(1+𝐾𝐿𝐶𝑜)
           (2) 
 
RL measures the suitability of the adsorbent for the 
adsorbate adsorption and it throws light on the 
nature of adsorption to be either unfavorable (RL > 
1), linear (RL = 1), favorable (0 <RL< 1) or 
irreversible (RL = 0). 
 
Freundlich Adsorption Isotherm 
The Freundlich isotherm is an empirical 
model that is based on adsorption on a 
heterogeneous surface (Freundlich, 1906). The 
Freundlich model can be mathematically presented 
by Eq. 3: 
 
𝑙𝑛𝑞𝑒  = ln 𝐾𝑓 +  
1 
𝑛
𝑙𝑛𝐶𝑒       (3) 
 
KF and n are Freundlich constants related with the 
adsorption capacity and adsorption intensity, 
respectively.  
 
Temkin Isotherm  
Temkin isotherm is the early model 
describing the adsorption of hydrogen onto 
platinum electrodes in acidic solutions (Temkin 
and Pyzhev, 1940). The isotherm contains a factor 
that explicitly takes into the account of adsorbent–
adsorbate interactions. By ignoring the extremely 
low and large value of concentrations, the model 
assumes that heat of adsorption (function of 
temperature) of all molecules in the layer would 
decrease linearly rather than logarithmically with 
coverage, as implicit by Freundlich model (Aharoni 
and Ungarish, 1977). The linear form of the 
Temkin adsorption isotherm is given by Eq. 4:  
 
 𝑞𝑒  =  𝐵𝑇𝑙𝑛𝐶𝑒  +  𝐵𝑇𝑙𝑛𝐾𝑇       (4) 
 
Dubinin-Radushkevich (D-R) Isotherm 
Dubinin–Radushkevich isotherm is an 
empirical model initially conceived for the 
adsorption of subcritical vapors onto micro pore 
solids following a pore filling mechanism (Dubinin 
& Radushkevich, 1947). The linear form of 
Dubinin-Radushkevich (D-R) isotherm model is 
given by Eq. 5-7:   
 
𝑙𝑛𝑞𝑒  =  𝑙𝑛𝑞𝑚 – 𝛽 𝜀 
2       (5) 
 
𝜀 =  𝑅𝑇𝑙𝑛 [1 +  
1
𝐶𝑒
]        (6) 
 
E =  
1
√2β
          (7) 
 
Values of E can predict the characteristics of 
adsorption as chemisorption or physisorption. If the 
value of E ranges between 8 to 16 kJ mol-1 it 
depicts the chemisorption nature of adsorption or 
otherwise physisorption if E < 8 to 16 kJ mol-1 
(Foo and Hameed, 2010). 
 
Harkin-Jura Isotherm 
The Harkin-Jura model assumes the 
existence of heterogeneous pore distribution on the 
surface of adsorbents and can be applied to 
multilayer adsorption (Kausar et al., 2013). This 











log Ce       (8) 
 
Where B and A are Harkin-Jura constants obtained 
from plot of 
1
𝑞𝑒2
 vs log 𝐶𝑒 
 
Elovich Isotherm 
This model is based on a kinetic principle 
which assumes that adsorption sites increase 
exponentially with adsorption; this signifies a 
multilayer adsorption (Gubernak et al., 2003). The 
linear form of the Elovich model is represented by 





= ln 𝐾𝑒 𝑞𝑚 −
𝑞𝑒
𝑞𝑚
        (9) 
 
Where Ke and qm are Elovich constant and 
maximum adsorption capacity respectively and can 
be obtained from the linear plot represented by Eq. 
(9). 
 




The model of an adsorption surface 
considered by Jovanovic is fundamentally the same 
as that considered by Langmuir, except that the 
allowance is made in the former for the surface 
binding variations of an adsorbed species 
(Jovanovic, 1969). The linear form of this equation 
is represented by Eq. 10:  
 
ln 𝑞𝑒 =  𝑙𝑛𝑞𝑚  − 𝐾𝑗  𝐶𝑒      (10) 
 
Where Kj and qm are Jovanovic model constants. 
 
Redlich-Peterson Isotherm 
The Redlich-Peterson isotherm contains 
three parameters and combines elements from both 
Freundlich and Langmuir isotherms (Redlich and 
Peterson, 1959). Hence, the mechanism of 
adsorption is a mix and does not follow ideal 
monolayer adsorption. The linear form of the 
Redlich-Peterson isotherm can be represented by 





=  𝛽 ln 𝐶𝑒  −ln(𝐴)     (11) 
 
Where β and A are Redlich-Peterson constants and 
can be evaluated from the linear plot represented by 
Eq. (11). 
 
MATERIALS AND METHODS 
Materials 
Malachite green dye (purity = 99%) was 
obtained from E. Merck (Mumbai, India). All other 
reagents used were of analytical grade. Distilled 
water was used throughout for the preparation of 
stock and experimental solutions. An MG stock 
solution was prepared at 1000 mg dm-3 using 
distilled water and diluted to the desired 
concentration for each experiment. Solutions were 
adjusted to desired pH using 0.1 M NaOH or HCl. 
Desert date fruits were obtained from a local 
market in Gashua town, Yobe state. 
 
Methods  
The preparation of the NaOH activated 
carbon (NAC) was largely guided by the method 
described by Wang et al. (2014), using a two-step 
chemical activation technique. Determination of the 
adsorption capacities for MG by NAC were 
performed at different initial MG concentrations. In 
brief, 50 cm3 of dye solution ranging from 10 to 
1000 mg dm-3 were added to a set of conical flasks 
containing 0.3 g of NAC. After agitation (150 rpm) 
for 60 min at 30°C, the samples were separated by 
filtration. The residual concentrations of MG were 
analyzed by UV-Visible spectrometer (Labda 35; 
Perkin Elmer) at the maximum absorption 
wavelength (617 nm). The amount of MG adsorbed 
per unit mass of the adsorbent was calculated by 
taking the difference between the initial and 
equilibrium concentrations in solution. 
The desorption efficiency of MG-loaded 
NAC was evaluated in the presence of different 
desorbing agents; hydrochloric acid (HCl), nitric 
acid (HNO3), sulphuric acid (H2SO4), acetic acid 
(CH3COOH), sodium hydroxide (NaOH) and 
distilled water. The loaded adsorbent was washed 
with distilled water to remove traces of unadsorbed 
MG and dried. Desorption solution (50 cm3) were 
added to a set of flasks containing 0.15 g of the 
MG-loaded adsorbent, followed by agitation at 150 
rpm for 60 min. The best desorbing agent was 
further explored for the effect of contact time (5-
120 min) and concentration (0.05-1 M) on 
desorption efficiency. All analytical methods are 
the same as above. The reusability of NAC was 
subsequently evaluated, using the optimal 
conditions. 
Lastly, the NAC was characterized by 
using Fourier transform infrared spectrometer 
(Cary 630; Agilent Technologies) to elucidate the 
functional groups on the adsorbent. 
Characterization of the NAC was done before and 
after MG adsorption, over the wave number range 
of 4000-650 cm-1 with a spectral resolution of 8 
cm-1 and a total number of 32 scans. 
 
RESULTS AND DISCUSSION 
Isotherm Studies 
Typically, the equilibrium data were 
analyzed according to the linear forms of the 
studied isotherms. In order to evaluate the 
performance of the different isotherms to correlate 
with experimental data, the plot for each isotherms 
have been shown in Figs. 1-9, and the evaluated 
isotherm parameters and correlation coefficient 
(R2) are presented in Table 1. 
 
Freundlich Isotherm 
Among the studied linear isotherm 
models, the Freundlich reflected the best fit (R2, 
0.968) to the equilibrium data. The values of KF 
(12.47) and the 1/n (0.18) obtained indicate the 
strength and practicality of the adsorption process 
respectively. The value of n (5.55) obtained in this 
study was greater than 1 indicating favourable 
physical adsorption (Ibrahim, 2011; Azaman et al., 
2018). It is worthy of mention that removal of MG 
by banana peel has also been found to obey 
Freundlich isotherm (Saechiam and Sripongpun, 
2019). 




Fig. 1. Freundlich isotherm plot for adsorption of MG onto NAC 
 
Langmuir Isotherm 
The Langmuir model (Fig. 2) also show a 
relatively high correlation coefficient (R2 = 
0.9665). This indicates that the equilibrium data 
could as well be modelled using the Langmuir 
isotherm. The computed KL and maximum 
monolayer adsorption capacity (qmax) of NAC were 
0.03 dm-3 g-1 and 312.5 mg g-1 respectively. This 
indicates the higher affinity and binding capacity of 
NAC for MG. The value of KL and qmax obtained 
in this study were higher than values reported for 
MG adsorption using tea-waste activated carbon 
(Akar et al., 2013). The separation factor (RL) has 
also been calculated according to Eq. (2). The 
values in all the concentrations range studied were 
in between 0-1 indicating the favorability of MG 
adsorption on NAC (Labied et al., 2018). It was 
also observed that RL values decreased as the initial 
MB concentration increased indicating that the 
adsorption process was more favourable at high 
intial dye concentration (Ahmad et al., 2014). The 
dimensionless separation factor variation with 
initial loading concentration is as presented in Fig. 
3. 
`
Fig. 2. Langmuir isotherm plot for adsorption  Fig. 3. Plot of separation factor against initial  
of MG onto NAC     concentration 
 
Dubinin - Radushkevich Isotherm 
The Langmuir constants do not explain the 
chemical or physical properties of the adsorption 
process. However, the mean free energy (E) 
obtained from D-R model provides information 
about these properties (Ushakumary and Madhu, 
2014). The D-R correlation coefficient is the lowest 
(R2 = 0.6483) as observed from Fig. 4 in 
comparison with all the studied isotherms. Thus, 
the D-R model exhibited less fit with the 
experimental data.  The E value (0.91) was less 
than 8 kJ mol-1 implying that the adsorption process 
is controlled by physical forces. Similar 
observation was reported for the removal of Congo 
red using water melon rinds and neem leaves 
(Ibrahim and Sani, 2014). 

















































Fig. 4. D-R isotherm plot for adsorption of MG onto NAC 
Temkin Isotherm 
The heat of adsorption (b) from Temkin 
isotherm (Fig. 5) is also useful in explaining the 
nature of binding forces between the adsorbent and 
adsorbate. Values of b (kJ mol-1) less than 8 
signifies that interactive forces are weak and 
physical in nature whereas values greater than 8 are 
indicative of strong and chemical interaction 
(Theivarasu and Mylsamy, 2010). The b values 
obtained in this study are less than 8 kJ mol-1 




The Harkin-Jura plot (Fig. 6) as obtained 
from Eq. (6) depicts isotherm’s constants and 
correlation coefficient as presented in Table 1. The 
low correlation coefficient value (R2 = 0.7563) 
hints that this model does not satisfactorily describe 
the equilibrium data. Similar results were obtained 
for the adsorption of picric acid onto carbon 
nanotubes (Gholitabar and Tahermansouri, 2017). 
 
  
Fig. 5. Temkin isotherm plot for adsorption   Fig. 6. Harkin-Jura plot for MG adsorption  
of MG onto NAC     onto NAC 
 
Jovanovic isotherm 
The plots of Jovanovic isotherm model is 
given in Fig. 7 and the parameters calculated from 
this isotherm are given in Table 1. The value of the 
correlation coefficient (R2 = 0.819) from this model 
shows that it does not satisfactorily explain the 
experimental data. Similar results were observed 
for the adsorption of methylene blue by mill fruitis 





The Elovich isotherm model for MG 
adsorption is shown in Fig. 8. The Elovich 
constants KE and qm, are obtained using the linear 
form of Eq. (8). This isotherm exhibited relatively 
lower correlation coefficient (R2 = 0.7059). 
Furthermore, the qm values are much lower than the 
experimental adsorbed amount at equilibrium. 
Thus, the Elovich model is not sufficient to explain 
the adsorption of MG onto NAC as similarly 
observed by Savran et al. (2017). 
























































Fig. 7. Jovanovic plot for MG adsorption  Fig. 8. Elovich plot for MG adsorption 
onto NAC     onto NAC 
 
Redlich-Peterson Isotherm 
The values of Redlich-Peterson isotherm 
constants are evaluated using the linear form of this 
model presented Eq. (9) and the values are 
presented in Table 1. In the light of the relative 
value of the correlation coefficient, Redlich-
Peterson isotherm was found to be also a suitable 
model for the adsorption of MG owing to its good 
fitting to the experimental results (R2 = 0.9638). 
This observation has been previously reported for 
the adsorption of hexavalent chromium using Z. 
jujube cores (Labied et al., 2018). 
 
Fig. 9. Redlich-Peterson plot for MG adsorption onto NAC. 
 
Table 1: Isotherm parameters for adsorption of MG onto NAC 
Isotherm model Parameters Values  R2 Plot 
Langmuir qm (mg g-1) 









 vs Ce 









ln qe  vs ln Ce 
Temkin  KT (dm3 mg-1) 






qe vs ln Ce 
 
D-R  qm (mg g-1) 
β (mol2 J-2) 
E ( kJ mol-1) 
73.79 


















 vs log Ce 
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Selection of Desorbing Medium 
To probe the possibility of regeneration of 
MG-loaded adsorbent, desorption studies was 
carried out using different regenerants and the 
results are presented in Fig. 10. The results 
indicated that acetic acid offered best desorption 
for MG (33.2%) as also observed by Neupane et al. 
(2014), while NaOH recovered the least (5.6%).   
 
Effect of Concentration 
After selection of best desorbing agent 
(acetic acid), the effects of its concentration on 
desorption of MG-loaded adsorbents was 
investigated. The variation in desorption 
percentage as a function of concentration of acetic 
acid is given in Fig. 11.  It was observed that 
desorption MG increased with the increase in 
concentration of acetic acid. Maximum desorption 
of 52.09% was obtained using 1M acetic acid. At 
high concentration, the number of hydrogen ions 
are adequate to replace the MG molecules from the 
loaded adsorbent. Similar trend was observed in the 
desorption of MG using concentrations of HCl (Lee 
et al., 2019). 
   
Fig. 10. Selection of desorbing medium  Fig.  11 Effect of concentration of desorbing solution 
 
Effect of Contact Time on Desorption 
Batch desorption experiments were carried 
out for varying time intervals and the result was 
presented in Fig. 12. It was observed that 
desorption was rapid in the first 10 min, decreased 
gradually and reached equilibrium after 30 min. 
This indicated that the desorption process was quite 
fast. 
 
Fig. 12. Effect of contact time on desorption 
Desorption Kinetics 
Desorption kinetic data obtained were 
analyzed using different kinetic models and the 
corresponding parameters are presented in Table 2. 
The pseudo-second order conforms to desorption of 
MG based on the relative values of the correlation 
coefficient (0.9967). Also the theoretical qd value 
estimated from the pseudo-second order was 11.11 
mg g-1, indicating agreement compared to the 
experimental values 14.99 mg g-1. Similar 
behaviour in kinetics was earlier reported for the 
































































CSJ 10(2): December, 2019 ISSN: 2276 – 707X Yunusa and Ibrahim 
119 
 
Table 2: Kinetic parameters for desorption of MG from loaded NAC 
Kinetic model parameters Values  
Pseudo-first-order  k1 (min-1) 
qd exp (mg g-1) 






Pseudo-second order k2 (g mg-1min-1) 
qd exp (mg g-1) 


















The efficiency of the regenerated 
adsorbent after five different adsorption/desorption 
cycles is presented in Fig. 13. It is seen that the 
adsorption efficiency decreases from 96.5% in the 
first cycle to 70.5% in the fifth cycle. This hinted 
that the adsorbent can be successively used for the 
removal MG from wastewater. The reason for the 
reduction in adsorption efficiency is because the 
active sites become fewer after every adsorption-
desorption cycle. Similar behavior was reported for 
the reusability of regenerated cocoa nut shell 
activated carbon (Azaman et al., 2018). 
 
Fig. 13. Efficiency of regenerated adsorbent after five cycles 
 
Functional Group Variation in NAC Before and 
After MG adsorption 
The FTIR spectra for NAC before and 
after MG adsorption are shown in Fig. 14. Peaks 
were observed at 3327, 1562, 1447 and 870 cm-1 in 
NAC before adsorption, which were ascribable to 
O-H stretching, aromatic C-H stretching and free –
CSH stretching respectively (Ali et al., 2018; 
Werkneh et al., 2014). The peak assigned at 3327 
cm-1 before MG adsorption shifted to 3272 cm-1 
after adsorption suggesting the formation of intra 
and intermolecular hydrogen bonds. The FTIR 
spectrum after adsorption also shows other shifted 
peak positions and appearance of some new peaks 

























Fig. 14. FTIR spectra of NAC before and after MG adsorption 
 
Comparison of NAC with other Adsorbents 
Table 3 summarizes the comparison of the 
maximum MG adsorption capacities of various 
adsorbents including NAC. However, the 
comparison did not account for the experimental 
variables, different interacting mass-volume ratio 
and mode of interactions, details of which can be 
obtained from the respective references. It is 
obvious from the table that NAC has higher MG 
adsorption capacity than some previously reported 
adsorbents in literature. 
 
 
Table 3: Comparison of maximum adsorption capacities of MG by various adsorbents 
Adsorbent  Qmax (mg g-1) References  
Rice husk 6.5 Muiende et al., 2017 
Banana peel 243.9 Saechiam and Sripongpun, 2019 
Waste foundry sand 23.29 Gurkan and Koruh, 2018 
Napier grass stem 32.27 Tongpoothorn et al., 2019 
Malt bagasse 117.65 Reis et al., 2018 
Pristine lignin 31.2 Lee et al., 2019 
Teak leaf litter  powder 333.33 Oyelude et al., 2018 
Durian seed carbon 476.19 Ahmad et al., 2014 
Coconut shell carbon 214.63 Bello and Ahmad, 2012 
Magnetic activated carbon 333.00 Rinku et al., 2015 
Oat hull 83.00 Banerjee et al., 2016 
Kaolin  128.0 Caponi et al., 2017 
Coconut shell  carbon 78.11 Azaman et al., 2018 
Desert date seed shell carbon 300.2 This study 
 
CONCLUSION  
The adsorption and desorption of MG 
using NAC has been investigated in this study. The 
NAC has demonstrated good characteristics for 
removing MG from aqueous solution. The MG 
adsorption data was well represented by 
Freundlich, Langmuir and Redlich-Peterson 
isotherm models although Freundlich isotherm 
gave the best fit. Acetic acid offered the best 
recovery for MG among all the studied desorbing 
agents. NAC has exhibited good reusability 
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